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Memorandum

To: Péter Borowiec
From: Michael Oakland
Date: June 18 2002

Subject: Time Critical Ashestos Removal Project
Former Screening Plant Site
Differences in Agricultural Fill Test Data
Libby, Montana

CDM has reviewed the testing procedures used by the property owner’s testing laboratories,
Sandberg Laboratoxies Ltd. and Norwest Labs to analyze stockpiled agricultural fill for use at
the Screening Plant site. CDM retained Maxim Technologies, Inc. to perform an analysis of
the stockpiled agticultural fill for compliance with the Government's specification. A second
round of testing was performed by Maxim as a direct comparison to the tests performed by
the property owner’s testing laboratories. While all laboratories use a hydrometer to
differentiate between the sand, silt and clay particles in the soil samples, fundamental
differences in the methods used result in the variations in the results.

Maxim Technologies uses standard procedure ASTM D-422 that includes a combination of
mechanical screening and hydrometer to determine the gradation of the entire sample with
the hydrometer used to classify materials below the 0.075 mm size. The procedure is detailed
and rigidly specified.

The properties owner’s laboratories, Sandberg and Norwest, used the less rigorous
Bouyoucos or Modified Bouyoucos Methods. These methods use only a hydrometer after
screening all soil at the 2 mm size. With the Volpe Center’s authorization, we provided each
laboratory with a copy of Maxim’s test results and asked each laboratory to provide their
interpretation of the differences. Their responses are attached.

The fundamental differences between the methods are that the ASTM procedure takes
readings of the hydrometer at set times and then uses the time, temperature and reading data
to compite an equivalent grain size while the Bouyoucos methods estimate when a certain
grain size will have settled and takes a single reading at that time. However, pre-calculation
of this time does not account for some aspects the hydrometer methodology such as the actual
height of the hydrometer.

C\Wazsberg Administration\names\OAKLAND\Memorandum61802,doc
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Mr. Peter Borowiec
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In addition, there also seems to be significant variability regarding what times should be used
within the Bouyoucos method itself. Publications, such as the one attached to our previous
memorandum, dated May 28, 2002, on the results for the Agricultural Fill testing, indicate a
significant range of times being used by various laboratories which would affect the results.
This is reflected in the comments on the differences made by the Sandberg lab.

In summary, after further reviewing the differences in the procedures, we continue to believe
that the ASTM 422 method, as used by Maxim Technologies, is a more accurate procedure tor
determining grain size distribution and we believe that these results should be used in
assessing the agricultural fill material for compliance with the Government's procurement

specifications.

Attachments
Fax response by Sandberg
Fax response by Norwest

C:\Wessberg Admintration\names\OAKLAND\Memorandumo6 1802,doc
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NORWEST
LABS

Fax: (403) 327-8527
FACSIMILE TRANSMISSION

To: Harald Leiendecker From: Norwest Labs Lethbridge

Name: Name: Ken Mrazek ‘ ( D
Company: CDM Federsi Programs Corporstion Date: June 4* 2002 V -
Fax No: 617-452-8432 3131 1¥ Ave. S.

Lethbridge, AB  T1J 4H1

Total swiober of pages transwitted inciuding this sheet Arsve O ra L3 Urgen

[f you do not reecive all pages ag mdicated, pleade telephone (403) 329-9266.
Harnld,

Attached you will find a research publication that Norwest published in the Commun. Scil Sg;.
Plan Anal that rclates to some of the issues with particle size by hydrometer. This regearch was
done by our own scientists because of the inherent vasiability we were seeing between methods
and modified methods. The method thet Norwest used on these samples in question (Libby
Asbestog Project) is the method as specified in our publication.

The technical notes from the Journal of Range Mpmt also identifies variability based on time,
temp, and dispersion agent. These have all been addressed in the rescarch that Norwest has done.

1 hope this helps a bit in clarifying the differences between laboratories. Let me know if there is
amything further that I can be of help for.

Ken Mrazek:
Vice President
AgriFood Division
Norwest Labs.
. Calgary ' Lethiiridge
Our Locations Phone: (403) 2912022 Phone: (403} 3288266
Fax:  (403) 201-2021 Fax  (409)327-9627
Edinonton Energy South - Calgary Fort 5L Johny
Phone; (K13) 4385522 Phone; (403) 2013024 Phame: (250) 785-2731
For  (403) 4348586 Fax (408) 250-2819 Fax  (250) 785-7052
Enerqy Narth Edmoaton Grastde Prairie Estevan
Phone; (403) 4385522 Phone: (403) 532-8708 Phonet (306) 634-7218
L Fax (408) 451-3022 Fou  (403) 538-0611 Fax.__{306) 8344101

IMPORTANTY Tlre accompantying message iz intenden for the use of the Invtividual or entity. t which 2 is addrescod and may repfesent
Informsation Mat m privileged, confidential ang axempl for disCioaure under appiicable bw,  If the reader of thin mescegs i nof the
ttervaed meciprent, yar) are heraby nultfisd that any dissemnation, distrbution, or copying or other uze of s communcation & siricily
protiited. !f you meaive the communication in arer. plesse ndlfy ug immediately by telephione, and retum the message o us ot the
above address vig the Canadian Postal Service pastage due, Thank you
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COMMUN. SOIL SCI. PLANT ANAL.. 32(5&6), 633-642 (2001
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i

STANDARD PROCEDURE IN THE
HYDROMETER METHOD FOR PARTICLE
SIZE ANALYSIS |

John Ashworth, Doug Keyes, Rhonda Kirk,
and Robert Lessard

; Norwest Labs, 9938-67 Avenue.
Edmonton, AB T6E OPS, Canada

ABSTRACT

In a widely-used method for particle size analysis of soils, the
weight percentages of sand, silt, and clay are calculated from the
density of an aqueous soil suspension measured by hydromerer.
: There are many versions of the procedure, differing in the type of
dispersing solurion, the volume of the suspension, the time of set-
tling before raking hydrometer readings, or in the method of cor-
recting the raw readings. Qur procedure avoids errors inhesent in
some versions of the methed, which can cause discrepancies from
expected values. The details of our procedure should interest those
concerned with minimizing confidence limits in inter-labotatoty
surveys and with providing reliable particle-size distribution data
to laboratory clieats.

INTRODUCTION

A knowledge of particle size distribution is useful for characterizing soils
in terms of thetr suitability for a range of agriculiural, engineering. landscaping or
raciamation purposes.

633

Copyright © 2001 by Marcel Dekker, Inc. o m.ﬂckkcncom

070/ 100 ) KAVOIVD “e= HAI GV LSTKON @ 8Tar zustosso



bo/s 13,2002

JUN 4 g2

2@ " 3bd

NYQ /X NAT

14:23 161749492789 ) e

14:17 FROM NORWEST LABS TO S1E174529432

{

34 ' ASHWORTH ET AL.

The hydromeler method for particle size analysis of soils (1) is 56l in wide-
spiead use. It requires incxpensive equipment and only basic technical expertisc.
One version of the procedure can be Used W construct soil particle size summation
curves (2, 3, 4,), but we arc coneerned here with the original Bouyoucos (1)
method for agsessing weight percentages of the sand, silt and clay fractions.

[n this procedure a density reading made 40 § after agitating a soil (<2 mm)
suspension in a measuring cylinder is uscd for calculating % sand (defined as
particles >50 u), and a later (2 h) reading is uscd to calculate % clay (<2 w).
These patticle size thresholds conform to the classification systems of both the
United Statcs Department of Agriculture and the Canadian Society of Soil Sci-
ence. The % silt is the balance required for 1009 of the sample weight.

Procedural details have altered over the many years during which this
method has been in general use, possibly dccounting for variations in results of
inter-laboratory studies of particle size analysis using replicate samples [¢,g.. USU
(5)]. There are many factors which can affect the results obtained.

Volume of Suspension

Bouyoucos (1, 6, 7) specified that, with the hydromerer inserted, a suspen-
sion with 50 g of soil was to be made up to a final level correspondirig to
1,130 mi.. Manufactured glass cylinders are available with this mark inscribed.
The hydrometer (ASTM type |52H) displaces approximately 60 mL and so the
volume of suspension is approximatcly 1,070 mL, However, the hydrometer read-
ing increases as the volume is reduced, and other versions of the procedure specify
a suspension volume of 1,000 mL [e.g., Sheldrick and Wang (8)].

Adjustments 10 Raw Hydrometer Readings

This step alters the estimated density by several grams L /. If it is not done
correctly, large discrepancies in the calculated particle size distribution can be
caused. Ways of adjusring for the density of 2 blank dispersing solution, and for
laboratory temperature, are discussed below.

Time of Hydrometer Readings

The validity of Bouyoucos’s (7) procedure was questioned by Gee and Bau-
der (9) on the grounds that the settling times which he had empirically adopted
are inconsistent with the requirements of sedimentation theory. They found that
% sand values calculated from a 40 s hydrometer reading often differed from

AIVYIVY <o+ Ra3 V1 ISTWION 2 8Tzl In/%a.80
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PARTICILE S1ZE ANALYSIS 635

weights retained on g 53 u sicve, by more than 5% of the sampic weight. They
showed (Gce and Bauder, 10) that a reading made after 2 h leads to an estimate of
% clay higher the theoretical amount (2). These issucs are also discussed below,

Cylindef Dimensions

Some documents (2, 4, 8) describe a measuring cylinder with the §,000 mL
mark near 1o 36 cm above the floor of the cylinder. Bouyoucos-type cylinders
(with the cngraved line corresponding to 1,130 mL) have an internal diameter near
62 mm, so that {1,000 mL reaches 33 cm above the floor, as is the case with the
1 L plastic graduated cylinders that we use. The effects of cylinder leﬁLnlenS
which are minot. are discussed below.

Dispersing Agent

Heavy clay soils and soils contaminated with sodium salts may nol disperse
completely if insufficient dispersing chemical is used. In terms of efficacy, Bou-
youcos (7) said there is little to choose between sodium pyrophosphate dnd meta-
phosphate. The final concentration of reagent determines the density andviscosity
of the solution,

In view of all the above possible sources of discrepancy, there is a dlearneed
for a-unified, validated procedure. :

MATERIALS AND METHODS

In gur procedure, a stock dispersing solution is prepared weeldy ffom tetra-
soditm pyrophosphate decahydrate (Na,P,0, - 10H,0, 500 g) made up to 10 L in
deiohized water. Soils are dried in a current of warm air (45°C) and pulverized to
pass 4 2-mm sieve. A subsample (SO g) is weated in a 1 L plastic cup with 100 mi.-
of the stock solution. The mixture is made up to about 250 mlL and left bvernight
(16 ). It is then transferred to a mewl cup with indentations (milk-shiake cup),
mixed with a high speed blender for 5 minwes and rinsed into 2 meusarjng cylin-
- der. The suspension is made up exactly to the 1,000 mL mark with deianized water
- from a large stock at laboratory temperature. The temperature of the subpensions

is not controlled, but it never drifts more than 2°C at most in the course of the day.
, Homogenizing the suspension by repeatedly inverting the capped cylinder
= . (4, 7) may be impractical when many samples are processed daily. An dlternative
is to ruke the suspension from top to bottorn with a plunger (2). In curdory tests,
we found that this method was as cffective as end-over-end mixing. After mixing
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by cither method, 2 standard ASTM type 152H hydrometer (9) is carefylly in-

. scrted 20 s ahead of the reading time. The stem scale is read at the top of the
meniscus. The stem of the hydrometer is kept {ree of grease so that a meniscus
forms properly. We estimule the 40 s reading to the nearest 0.5 g L-1 and the later,
fur morc stable reading (6 h after mixing) to the nearest 0.1 g L= undet good light
with the aid of a2 magnifying glass.

The abeve procedure wus verified using  batch of 22 soils provided by the
University of Alberta, These surface and sub-surface materials, taken from various
locations in Alberts, varicd widely in particle size distribution, organic mat{er (2
to 10%) and lime content (0 to 25%).

Verifying the 40 s Sand Settling Time

Subsamples (50 g) of dried soil (<2 mm) were prepared and analy2éd by
the procedure given above, Replicale subsamples (50 g} were also wet-sieved
through 53 u (270 mesh) and the dry weight of retained sand was measured, thus
obtaining also the weight of silt and clay passing the sleve.

Verifying the Hydrometer Reading

Suspensions of fine silt and clay were obtaincd by allowing suspensions of
' wheole soil, prepared as described, to setde for about 0.2 h in order to separate all
i sand and coarser silt. The upper portion, about 600 mL, was then removtd by
! siphoning. It was made up again to 1 L with 0.5% sodium pyrophosphate ‘deca-
| hydrate solution. The suspension was raked with the plunger and the hydrometer
l inserted. Readings were stable for several minutes and were estimated o the near-
est 0.1 g L-'. These suspensions were finally transferred 10 a pre-weighed pdn and
dried to constant weight in a current of air at 45°C, in order to obtain the weight
of suspended solids. A corrcction was made to these weights for the dry wcight of

Na,P,0, (mean 3.1 g)ina 1L blank suspensxon

Temperature-Dependence of Hydrometer Readings

The above density measurements were made in the range 22-24°C, as in-
dicated by a mercury in glass thermometer calibratéd against an NBS stahdard.
Befare being dried, the suspensions of fine silt and clay were left overnight in a
separate room maintained ncar 15.0°C. Each was then thoroughly agitated. and
homogenized using the plunger; the hydrometer readings were repeated, and the
actual snspension temperatire measured.

010)?00@ AEVIIVD e+« RQT GYT ISIHAUON & LT:3T 20/y0/80
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\ RESULTS AND DISCUSSION
! ' Correcting the Raw Hydrometer Reading

Two approaches have previously been used in correcting the raw hydrome-
ter reading (R). Qne way is to subtract an actual blank rcading (R,) made in the
dispersing solutton (with no soil) at the same tempearature as that of the soil sus-
pensians (8, 9). The other way is to sublract a fixed, standard blank reading, whosc
value corresponds to a stamdurd temperature, and then to make a correction for the
difference between that standard and the actual temperarure (7).

Using the first approach, we found a direct linear relationship (with
r2=1{).998) between the weights of fine silt and clay in 1000 mL suspensions, and
blank-adjusted hydrometer readings taken at 22-24°C soon afler homogenizing
them (Figure 1). This finding supports the view that blank-adjusted readings in-
3 dicate with sufficient accuracy the density D (in g L) of suspended solids (8, 9),
! according to the equation:

ludging from hydrametcr rcadings made in the 1000 mL suspensions and in dis-
persing solution, at varigus temperatures in the range 13-247C, the average value
of dR /4T (approximately 0.3 g L~! °C ') scarcely differs from dR ,/dT (approxi-
mately 0.4 g L™' °C-"). Thercfore, dD/dT is very small. Haying subtracted an
actudl blank reading R, further correction, 10 a standand temperature within sev-
eral °C of the actual laboratory temperature, would have little effect on D.

The slternative of correcting 10 a standard 20°C and subtracting a fixed
blank reading (7) performs the same function as subrracting R, . It avoids the need
for making an actual R, with its associated blank reading error. However, it un-
fortunatcly also introduces the risk (11) of inadvertently subtracting an actal R,
which, depending on the laboratory temperatuic, can differ by several g L-! from
the tue standard blank reading appropriate to 20°C. '

We therefore favor using equation (1). The practice of subtracting an actual
R, from R also offsets any discrepancies among different hydrometers in the po-
sitiohing of the scal¢ in the stemn during manufacture.

Time of Clay Reading

Equatien (1] ¢an be used to estimate the proportion of any particle sizc
{raction, if the hydrometer is read after the appropriate settling time. In Gee and
Bauder’s (9) equations [13] and [14] {based on the thcory of Day (2)], setting the
difference between particle and solution densities at 1.6 g mL-!, and using
0.95X10-% kg m~' s~! as the sohution viscosity at 22-24°C (by interpolation

'urq/son@ ZAVOTVO +r+ NQT VT ISZMYON - 2 81:2T  Z0,¥0/80
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Figure I. Weight of suspendcd solids versus blunk-adjusted reading.

from their Table 15-1), a 6 h settling time in the cylinders thar we use corresponds
ta an equivalent particle size diameter of 2.0x0.1 «, for hydrometer readings in
the range 10-~-30 gL, '
Using a 6 h reading (R,) thereforz removes the high bias in % clay associ-
ated with a 2 h reading, noted by Gee and Bauder (10}, while still allowing prepa-
ration and readings (o be done in a regular working day by (he samc technician,

spamizmenad Cylinder Dimensions

=gk ) The effective hydrometer scttling depth is insensitive 10 the distance from
T the surface ta the floor of the cylinder, and is scarcely affected by small changes
1o the cross-sectional area of the cylinder [using equation {10] of Gee and

Bauder (9)].
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b Sand Reading

We also found a linear relationship for the bulch of 22 soils (Figure 2) be-
tween weights of silt and clay particles passing 53 4, and values calculated using
equation [!] from blank-adjusted 40 s hydrometer readings (Ryys) 17 1000 mL
suspensions at 23°C. The near |:] relationship obtained (with r=0.989) sup-
ports the empirical choice of 40 s For the sand reading time (1).

Calculations

The following equations are thereforc considered suitable:

: % clay = (100/w) (Rg;, ~ R) {2
: in which w is the weight of dry soil in 100Q ml. of suspension;
! % sand = 100 —~ (100/W) (Rep, = R,) i3]
and
% silt = 100 — % sand — %o clay (4}

The blank readings R, in equations [2] and (3] are actual readings. which will not
have the same value if the suspension temperawre drifts.

Calcium Carbonate and Organic Matter

Many workers {e.g., Sheldrick and Wang (8)] have pointed ous that lime and
organic matrer must first be removed. if a true assessment of size fractions of
mineral particles is required. Even though these components had not been taken
out of the soils we rested, there were no seriously outlying points in Figures 1 and
2. Suspended lime and organic matter fractions seem in effect o have conformed
to an equivalent size distribution of miaeral particles. Bouyoucos (6, 7) suggested
that particle size distribution may for practical purposes be characterized by anal-
ysis done on wholc soil and \bat, if desired, lime and ocganic marter can be quan-
tified separately.

Hydrometer Consisteﬁcy

The possibility that individual standard ASTM (ype 152H hydrometers
1 might vary significantly in their density readings R is not explicidy covered in the
literature cited below, and needed to be considered. To check variability, we tested

i
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Q 20 40 &80

S Blank-adjusted hydrometer reading (g/L)

Figure 2. Sieve analysis versus blank-adjusted readings (40 s).

salt solutions of kaown density, using ASTM type 132H hydrometers already in
use in our Jaboratory and new ones purchased from different suppliers. The results
indicated that blank-adjustcd rcadings made with hydrometers of this type gener-
ally agree within £1 g L~!. Equations [1] through (4] can therefors be expected
120 apply for all smndard hydrometers of this type.

Sample Preparation

Sample preparation procedures could be a further source of inter-laboratory
discrepancy. Ball mills or other grinders which could break sand particles into
smaller fragrtients should be avoided. The risk of damaging soil particles is con-
sidered low with the [lail-type pulverizing equipment we use, though we have not
investigated this possibility. The udvantage of analyzing subsamples of dried , pul-

" oTo/800 @ IAVOIVY ~+¢ KaQI 4V LSIHION &  81:2T  2Z0/vasso
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. verized material lies in avoiding both the difficuity of preparing representative
subsamples of meist, as-received sotls and the need for a separate moisture content
determination on anather such subsample (2, 8).

CONCLUSIONS

For the soils we studied. 2 blank-correcied hydrometer reading taken 40 s
after mixing a suspension of 50 g soil in exactly | L of solution gave an accurate
estimale of the weight percentage of marerial passing a 53 u sicve, and hence of
sand content.

The clay content was calculaled frum a blank-adjusted 6 h reading, thus
; eliminating the high bias in resulis obrained with @ 2 h reading (10), while still
allowing the sand and the clay readings both to be made by one technician con-
venjenily in the coursc of a working day. To guard against variability among hy-
drometers and in readings made by dxffcrcnt technicians, it is adwsnble for one
technician v measure R and R, . using the same hydrometer.

QOver a wide range in the temperature of measurcmnent, blank-adjusted read-
ings were in good agreement with dry weights of suspended solids. Having sub-
tracted an actual blank reading from suspension densities measured at nearly the
same temperature, an additional temperature-standardization of the adjusted read-
ing is not required.

The validity of equations {2] and (3] is unlkely 10 be affected by smalil
differences in design of measuring cylinders, or in the amount or type of dispers-
ing chemical used. However, errors in estitnates of particle fractions of the order
of 5-10% of sample weight can be caused by using suspension volumes other
than 1,000 mL., by using inappropriatc rcading times. ot applying a temperature-
correction to the hydrometer reading in addition to an actual blank adjustment.
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Memorandum

To: Peter Borowiec
From: Harald Leiendecker
Michael Oakland

Date: May 28, 2002

Subject: Grain Size Distributions
Libby Asbestos Project

This memorandum suxumnarizes differences jn the results of grain size distribution testing
conducted on samples of agricultural fill from the Screening Plant site in Libby, MT.
Samples were tested by the project’s laboratory (Maxim Techniologies, Inc.) and

laboratories (Sandberg & Norwest) retained by the property owners, Mel and Lerah Parker.

Maxim was retained by CDM to conduct laboratory testing of samples collected from a
stockpile of Agricultural fill for potential use as backfill material on the Parker’s property.
Duplicate samples where collected by the Parkers that were tested by Sandberg
Laboratories Ltd and Norwest Laboratories. The results of the testing completed at the
laboratories retained by the property owners differed significantly from those tested by
CDM as shown in Table 1 for the Sandberg lab and in Table 2 for the Norwest lab. In
addition, the results between the two laboratories retained by the property owners also
differed significantly.

Table 1: CDM vs. Sandberg Test Results

Sample ' Particle-Fractions ;4
Sand Silt ;
1R-13752% f 15** 25.9/162 (+9.7%) 58.1/61.4(-3.3 %) 16.0/ 22.4 (-6.4 %)
1R-13753 / 16 25.6/16.2 (+ 9.4%) 59.3/614 (- 2.1 %) 15.1/224 (7.3 %)

1R-13755 / 18 | 26.3/16.2 (+10.1%) 60.6/59.4 (+ 1.2%) 13.2/24.4 (-113 %)

|
1R-13754 / 17 25.3/19.8 (+ 5.5 %) 60.6/56.0 (+ 4.6 %) 14.1/24.2 (-10.1%) 1
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1R-13756 / 19 25.7/16.0 (+9.7 %) 61.3/60.6 (+ 0.7%) 13.0/23.4 (-104 %)
1R-13757 / 20 31.1/28.0 (+3.1%) 55.9/52.0 (+3.9%) 13.0/20.0 (-7.0 %)
1R-13758 / 21 29.2/20.0 (+9.2 %) 58.8/57.2 (+1.6%) 12.0/22.8 (-10.8 %)
Average Difference +81 % +25 % -850 %
*Jtalics: Maxim/CDM .
**Bold: Sandberg Laboratories Ltd/Parker
Table 2: CDM vs. Norwest Test Results
Sample Particle-Fractions

Sand Sile Clay
1R-13753 / 16 25.6/15.3 (+ 10.3%) 59.3/66.6 (-7.3 % 15.1/17.6 (-2.5 %)
1R-13755 / 18 26.3/11.0 (+ 15.3%) 60.6/70.0 (9.4 %) 13.1/19.0 (-5.9 %)
1R-13757 / 20 31.1/18.6 (+12.5%) 55.9/64.8 (-8.9%) 13.0/16.6 (3.6 %)
Average Difference +12.7 % -85 % 40%

*Talics: Maxin/CDM
**Bold;: Norwest Laboratories/Parker

The CDM laboratory results indicate a higher percentage of sand while the property
owner’s laboratories indicate a higher percentage of clay. The silt fraction varied between
the comparisons with the Sandberg laboratory indicating less silt than the CDM Jab while
the Norwest laboratory results indicated more silt than the CDM lab.

Maxdm's tests were conducted in accordance with standard procedure ASTM D422 which
uses sieveg for particle sizes larger than 75 pm a hydrometer for smaller sized particles.

The property owner's laboratories, Sandberg Laboratories Ltd and Norwest Laboratories
conducted their testing using an Improved Bouyoucos Hydrometer method which uses a
hydrometer only. The hydrometer testing procedures used in either of the two approaches
are also different with the ASTM procedure having a longer duration. and taking more
readings than the Improved Bouyoucos method.

ASTM methods are generally used as the standard for engineering projects. While we have
not conducted a specific comparison of the two methods of determining grain size,
published material of others who have, generally warn that the Improved Bouyoucos
method is not accurate and tends to over-estimate the clay content which is consistent with
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the comparison of results on owr project. A technical note discussing the comparison is
attached.

In summary, we believe that inconsistent testing methods from those specified by us for
this project are the principal reason for the difference is tesults. Following our brief review
of the method and the published literature, we would conclude that the ASTM procedure is

more accurate.

Attachment  Technical Note: Contparison of hydrometer settling times in soil particle
size analysis by Carolyn C. Bohn and Kar} Gebhaxdt, Journal of Range Management 42(1),
January 1989.
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Technical Notes

Comparison of hydrometer settling times in soil particle size

analysis
CAROLYN C. BOHN AND KARL GEBHARDT

Abstract

Although soil texture is important to plant growth, cultivation,
hydraulic conductivity, and soil strength, Iaboratory procedures
for determining particle size distribution can be confusing. A
number of settiing times have been proposed for the hydrometer
method used to analyze the fine earth fraction of solls. To separate
sand snd silt, hydrometer readings at 30 and 60 seconds, 35
seconds, or at £9 seconds have been recommended. To distinguish
between sfit and clay, recommendations have been made for read-
ings at 6-8 hours and 12-15 hours, 1.5 and 24 hours, 2 and 24 hours
or at 8 hours. In this study, no significant differences in estimates of
sand content were found befween readings made at 30 and 60
seconds and at 40 seconds. However, estimates from readings on
both sides of the sflt-clay separation (at 6 hours and 12 hours)
showed a significant variation of clay content within the sample
probably due to an inadequate method of splitting the soil sampies
into subsamples. Clay estimates from 2-hours readings differed
significantly from the average estimate of the split sample 6/12-
hours readings. Numerical differences were seen among particle
size estimates from various methods; if the soil texture is near a
division between 2 classes, these differences may result in different
textures being ssaigned.

Key Words: particle size distribution analysis, soil texture, soil
analysis methods

Seniorauthor is hydrologist, U.S. Forest Service, Intermountain Rescarch Station,
Boise, Idaho 83705, Previously, lab research associate, Dept. of Range, Wildlife and
Forestry, University of Nevada, Reno; junior autbor is hydrologist, Bureau of Land
Management, State Office, Boise, Idabo 83706.
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JOURNAL OF RANGE MANAGEMENT 42(1), January 1989

Soil scientists have long recognized the importance of soil tex-
ture to plant growth, cultivation, hydraulic conductivity and soil
strength. However, managers preparing to determine soil texture
are sometimes confused by conflicting procedural recommenda-
tions. Textural classes can be determined either in the field or bya
laboratory particie size distribution analysis. The laboratory anal-
ysis most often available to land managers is some version of the
hydrometer method first introduced by Bouyoucos (1927). Day
(1965) and the American Society for Testing and Materials
(A.S.T.M.) (1972) have detailed the procedure generally accepted
by land management agencies and an updated edition was recently
relcased (Gee and Bauder 1986). In this method, a measured
amount of soil is suspended in water and the suspension density is
determined with a specialized hydrometer. As soil particies setile,
the suspension density decreases. Because larger particles settle
faster, the particle size and summation percent remaining for that
size can be calculated for each measurement time using the
observed hydrometer level, and these results are graphed. From the
relationship on the graph, the percent of a particular particle size
class can be estimated (Day 1965).

The accuracy of the size class distribution estimate depends on a
constant temperature, careful particle dispersal, and proper timing
of the density observations. In the past, chemical dispersal has
often been accomplished with a 5% Calgon (water softener trade
name) solution. However, the preparation currently on the market
may not contgin phosphates, which are necessary for good disper-
8a); the label should be examined and a dispersing agent such as
sodium hexametaphosphate purchased from a chemical supplier,
if necessary. Phosphates are particularly important for soils high in
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te ox Gegaaic matier. While Day {19651 recommends spaking at

15§ 10 amigames, the A.S. TBL {1970 recoommends sevxral bonrs

. the most Tecend Inboraiary procedurcs now specily scaking

ermght (Gez md Bruder 1985). Likewise, the pracsics of usitg

iTkshake miXxera for mechamicsl partick dispersal has been ques~

omed {Drolittde 1957, Walker and Hutdca 1973), tut tontinucs in
oy Bahs. It 38 peneralfly thougbt vhat » reciprocel shaker is siow
nd gravite but Iay not bresk up oemepted 10ils, ®hilpthe miver is
15t and ¥igoroug bus 1nay break down saveds affroted by westhen
1g Same of 1he problem iy be arcaded by making plastic mixing
delies, Begartiess of wiat wethods are selected for particle
lisperssl, the cxact procodure showdd be desoribed and used
oasiutensls,

The timang of the hydrowmests resdings depends ww the sioe
hsefrating 3ysw being nsed. The veparation between @it and
clayused by the 1.5 D, (00002 aeon), weualdy oocors betwera B £
12 hoors of wdBiarhed seinling, bot the exam timd cannod be
sdeatified beforetand. Messurements of 1te solution dpositv &4
hoacsand sgamag 12-15 hours will yield dacs wirich bracists the
actual time st which a3l che i3 size panticles have settied and
therefore hrackets the cooresponding pencent day o the pacicks
I eummatios percentage grapy Similashy, tbe break betwren
sand and ai {048 ] eccucs between 3 to 87 seeonds of sertliog
tie apd can be taimaved fram 1 graph showing e se-data paiats.

In order to reduce abomtory time, reseaychers have propased a
varicty of abservrtion ticoes which apgrosimets the deticed paci-
3 size e depend on mettapolation, cather {ban sucronnding the
sloe with mrasuraments, Boayoaers {{962) suggested thar readings
at 40 seconds axd 2 hoacs sece safficient, hx Gee and Sauder
{1975} steted ka2 2 bowrs Over-cslisnmed the odaF frection and
fdevelaped n tosthod of weaghted averngrs using 1.5 and 24 hours
ceadinge facibe clay feaction. Putrick {1955) used 35 saoondsand 3
hours Themeibadologt mmdored rtbe A S T.M. and geaerally
accepted by {and coansgement agemeies, uses ceadings at X
seconds, 3, 19, and 39 ouindes, axud 1.5, 4.5, and 12 hours Ty

19653, Howesr, A.5. T DL { L972) alsa cecommended 2, 5, 15 and
3¢ miames, aud 1, A, and 24 hours, and the Ind edition of the
standard methede maynsl {Gee and Bauder [IRE) cibes 30 and 60
secomids, 3, LB, vod 30 mrinwtes and 1, 1,5, 2, aed 24 haugs. Ta st
Iabtime and rapedire theanadysis, snne kb teominate 1be Anulyss
atH-3 hoors. Ahbough the best estimatrs woulk] he mxpeesed from
drmaity observadions which bracket the bomknff betwern aize
ZIoupa, 1 WME cases, esticnaies froom sormec serimg times mey
suffice. It is lmporinot to id emtify what edfect shorter seitliang Hmes
oy have on avil textnce estimeticns. We repost here resaits fooao
ohservations madead 30 40, and Gl secomnds and 2, 5, and 32 boars,

Metbods

Taelye soil sampks wert colkecied from a 1,200 foot reach of
streambimk i the Indepeodence Mountaing, 50 miles nowth of
Blta, Wevada. A 2 (ypacally trug, Wsese ripacian scdls heve nod
borre claasified 10 Beries, bud 2re geerafir permeaink 2liuvizm, No
Hina was made 1o selert a w3ds rampe of texxues. A vanticgd oot
was codde inta the strzambank at 2ach samplesite and the sampks
wece colleowed foarm. thy freshly expamred sails. The samples were
prep-dried and seeved sod the fraciat passing the 2-nom seve
sed for znslssis by the Ivdroanetey meihod (Pay (G65), Twe
subsaanples fram each smplc were deriyed ty genely setting rhe
criginal samyple sefrral times n & clesed tontainer 1nd spooning
out 42 grams for tach subsmmpe. Fach subsample was thes wi-
faconly dispecsed by spaltiog in 5% Calgon solatiop For 12 oriootzs
tullowed by stivring for 5§ minubes in & wilkgkaks mizer. Eacl
wabsample was poured o a Bousoocoa tnbe, ditured prilh rnough
distillad aa%tT te bring the quspecsions to 1,000 ml,, and mixed
wirha onger. The sugpention density was rad withap 4.5, T L

ace

152 H Sail Hyvdreenzder gd 30, 40, and 60 sccomds, &, & and 13
houty. Thie, dem were collerted 4o est 3 methads: {11 30 and &)
saconds cospmpleitherside of the sendy'=ilz dniging, and 6 and 17
hooo 1o sample cither 2ide of the silt/clay divisiva (ke *bracke-
ing”method)y; (7} 40s2c0nds and 6 ours to esiemate both sapd acd
clay separation peines; (31 80 eccomds amd 2 houts (g estimate bty
1 and clay separation poinds. Al ceadings were adjusted fot
temperalute (Day 1865 and particke sizz dizmetety vs, swgonation
PEICEDTEES wero grapled far each subsarnple Lo Severmine perern-
tagea for pecific pacticle 3ize grosps.

The rewulting sand 2w <fax peccznrapes were asalyzad separ-
ately, Usiag the L2 saroples as ceplicathons, peired Tests (r=l2)
were employed 1o Iest tbe sand estimatos betwnen: (13 the 3 sub
saruples each usng the 30, 50 3ecomnds bracket method; [2) 30,60
secomds brackel vs. 40 seconds and § bours methad; (5} 0168
secaads lxracket v, 1be Albseconds and 2 bours merthod; {4) avrmge
of 1be tune 301 60 sepands bracket subspmaples w5 40 2econdy and 6
honcs; {3) average of (e twa 307 S0 secomds brackess 15, Kl seconds
snd 2 hours. Sixgilarly, peired T-besta mepe emplored 1o test the
v cgrimates between: (1) the I wabasnples rach psing the 6512
honrs wacket metinad; () 6 12 hoors heack2e method vs, the §
honry and &) seconds ovethod; (3 6. 12 bouts bracker ve. 2 hours
and 47 seconcdy method; (4 swemage of the o 6, 3.2 dours bruckes
subsamples ve. 6 boursand 4 seconds; [ 5 zverage of thetora )2
hours beackets v8, 2 houra and 40 secomds mehod,

Resnlts

The prroemagry of pen:iﬂ:sim: tlasees ave disglayed o Tatles 1
pod 1 Percens saand #slimates shomed ne sigaiGeast diffe tones

Toble 1, Penoers sxod euthomim,

&) Seconds Brazbeting Method

Sub-~ Sub~  Awerige A 5cc. & ¥ Sem &
sampls  saopde  of k- ) A

l 2 sqopkes houry hours
Sample [ 511 20 5.8 0 500
Sampis 2 ) S8 3.3 SLs 353
Sampk 3 0.3 0.5 43.0 "S 5.5
Sanple A 460 4.5 4.8 5.0 5.0
Samplk 5 4L o5.2 LEN 4.5 4.5
Sampk § A4 D L AR d5.5 q7.g 450
Saugpie 7 0L 32 Qs 550 3%D
Sample 3 S0 3.5 a3 55 535
Sampk 9 4D S MY &S AR5
Sappie 1D D) 50 S a8 .5
Sagmpic 13 AN ] 40 420 40
Samplks £2 1.5 &4.D 438 4.0 4.1

borwezn any gooups {Eabie 3). Beesuse the sapd, mlt sepacative
orours willipt & very gmall tome ranpe, any readmp herarcn 10 and
50 secands shauld be masaaahly cluse bo the actusl hresk. Anclvsis
of the chiy groaps thoeed & vigficanr difcrcoce botwesn e 2
sub-samples which arz both estimaned by 1be ytandacd &) {2 howra
besckes methed. This #aa apparently doe co yrdebadity withie the
sample angd the difficulty of adequasely mixing end sphitting sox
smpiles incn comwpacahle sutsamples. For these amples, she did-
{erzoce m clay tssionsies heowern the standrad 45 12 howrs bracket
mzthod aed the 5 bour asethod oes not apnear to be grax: o
the varkahilicy emcountesed in apiBBng the secopie by hand Howe-
&ex, the 2 hoursciay extimate difered signdfwandy 1.07 level] from
the averape of the iwo 6112 hoots clay sstimntes, wnit from the
umaveraged 5, (2 haurs estimate at 3 Jesser lewe) of significance
.14}, Thrre were sotne motxszble aumerical didbesenoess beraeen
the estimutes fowm the 62 hours beackst method zod both
methieds usiog shartar settiing tmes, probably Jue to the dlvtance
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Tubie L. Porcesc chy exthmades,

6111 Secands Brackeong Method

Sub- Subr  Arvenage 4D Sec. & 40 Sec. &
ssm}\}e sample of sub f 2

) mmpks  hourt  houre
Ssoplz L 35 &0 T3 i5 29
Swreple 2 )% I8 2D 5.0 an
Savopte 3 a.x 15 EQ 5 s
Sampe 4 1o 50 T. 5 16
Sampin S 130 +.0 118 4} bl
Seaxple 6 ©12e &0 TE; 73 a4
Sampic 7 120 3.0 g fa0 ALEY
Sarople 3 s 50 3 190 60
Saarple 9 JEE 155 153 153 154y
Seoophs L0 4.0 6.0 60 64 in
Saumpk 1] 19 KO -9} .7 2.3
Sangle 1) 11173 .5 L 1§ 3 0

Tabde3. T-valns froos peirel comparip os of % send md % s oxdimartry
b Sfecent ethods (@ = U}

Partitle size . Marbod campaned Twalue
Sand 300850 e Reackes vy, 30, 8% e L.SBd4
Sand 30,50 mec bamclost vy 40z & 6 hamn .3978
Sand Averge hracketing 75. B sec K5 booes  LADLD
Sand B0 3ec semcioet ve, 4 wc & 2 haom 1.3878
Sand Arcags brackeling ve. W eer A 2o LIDLD
Cler 8!11 baur backet %5, 413 hour beacket 3.5000°*
Qar 6'LY bour beacker v, 0pec & & ooy 02025
Cr Arcorge brnckriing e, Wec £ by LB
Clas 6, 12 haur beaches v, A0 s2c & 3 hopm 2054
Clww Averyge hmadieriing s, W 2o X IDdoaey 3035

*~Sigaificarn Eforroce s L3 Jovx)
* S{gaifkam difcroncem 103!
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ol sxtrapolation over the pragh. Becavee resdingz atand §2hours
brackel theactualaiit) clay break, thar method, in theary, provides
the mate srcurate esfiomatmd, Wherr the texiural clasification is
botdexline, eFen amall numerxcal diference s may changr the cass
this occoreed wih 2 samples.

Hydeoroeter ceadings anFwhers betuwen 30 and 60 seconds
shoudd reasomably estimase the percent sand jn a soil seayple.
Howeser, st percent srexd estdmans generaliy & cat & problem foc
scientsty wanking 1o wwe [mb time. The =milt!clay separerion
requires several houes of pettling time, althowgh opinions vary oo
the guaber of hours oceded. Because there was o stariuical
difereoce betaeen the 8312 hours oisthod awhich bracketad the
slt, clag sepagation snd che methed which icrmisaied at 6 bayrs, §
hours of sstling should bes adegquare, at Jeast for some sodls. Fow-
ever, the mupcrical differsnces ghserved. betmesn the 2 methinds
covld gccasionally define didferent feactur sl classes, and the lnager
meshod theardicsDy pemwades the greatest acooracy, Care ahoudd
e taken 10 tharoughly mix dry samples. The level of precision
tequired w3l depend on the sntepded mae of 1he dagy.
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